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I .  In t roduc t ion :  

The o b j e c t i v e  of t h i s  program i s  to develop vacuum s p u t t e r i n g  techniques 

f o r  f a b r i c a t i o n  0-f i nne r  and outer  s t r u c t u r e s  of high performance, long 

l i f e  r egene ra t ive ly  cooled t h r u s t  chambers. 

i n  t h i s  program i s  d iv ided  i n t o  f i v e  work t a sks .  The f i r s t  t a s k  involves  

t h e  a p p l i c a t i o n  of an  OFHC copper c loseout  l a y e r  t o  a r ibbed  w a l l  cy l inde r  

t o  y i e l d  a c y l i n d r i c a l  s t r u c t u r e  r e p r e s e n t a t i v e  of r egene ra t ive ly  cooled 

t h r u s t  chambers. Within t h i s  t a sk  a n  i n v e s t i g a t i o n  of materials t o  f i l l  

t h e  grooved cy l inde r  passages and s e l e c t i o n  of s p u t t e r i n g  depos i t i on  

parameters  compatible wi th  the  f i l l e r  materials w i l l  be performed. With 

t h e  techniques developed two c y l i n d r i c a l  s t r u c t u r e s  w i l l  be f a b r i c a t e d ;  

one w i l l  be  forwarded t o  NASA-LeRC and t h e  o t h e r  eva lua ted  f o r  c loseout  

l a y e r  bond s t r e n g t h  and bond i n t e g r i t y .  I n  the  second t a s k ,  f a b r i c a t i o n  

and eva lua t ion  of 0.250 inch w a l l  c y l i n d e r s  of s p u t t e r e d  OFHC Cu, Zr-Cu, 

A1203-Cu and Sic-Cu a l l o y  w i l l  be  performed. 

a n  i n v e s t i g a t i o n  of s t r u c t u r e ,  hardness and t e n s i l e  p r o p e r t i e s  of each 

a l l o y  w i l l  be  determined. The t h i r d  t a s k  w i l l  i n v e s t i g a t e  s p u t t e r i n g  

laminated c y l i n d r i c a l  s t r u c t u r e s .  

f o u r  l a y e r s  of t h e  same material, whi le  the  o t h e r  w i l l  be  s p u t t e r e d  wi th  

each l a y e r  of a d i f f e r e n t  composition o r  a d i f f e r e n t  hardness  of t he  same 

composition. The materials f o r  t h i s  t a s k  w i l l  be  s e l e c t e d  by NASA-LeRC 

from those  eva lua ted  i n  the  second t a s k  of t h i s  program. Each cy l inde r  

w i l l  be  eva lua ted  f o r  l a y e r  hardness ,  s t r u c t u r e ,  bond i n t e g r i t y  and bond 

s t r e n g t h .  

t a s k .  

The i n v e s t i g a t i o n  performed 

With t h e  c y l i n d e r s  f a b r i c a t e d ,  

One cy l inde r  w i l l  be s p u t t e r e d  wi th  

High s t r e n g t h  ou te r  s t r u c t u r e s  w i l l  be  eva lua ted  i n  t h e  f o u r t h  

Three s p u t t e r e d  a l l o y s ,  NASA IIb-11,  Ti-5A1-2.5Sn and Al2O3-Al 
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w i l l  be  eva lua ted  f o r  t e n s i l e  proper t ies .  

of t h e s e  a l l o y s ,  a homogenous c y l i n d r i c a l  s t r u c t u r e  w i l l  be  f a b r i c a t e d  

from t h e  s e l e c t e d  a l l o y  and evaluated f o r  t e n s i l e  and b u r s t  s t r eng th .  

A second s p u t t e r e d  cy l inde r  having w i r e  re inforcement  of t he  ma t r ix  a l l o y  

s e l e c t e d  t o  make t h e  homogenous cy l inder  w i l l  be f ab r i ca t ed .  

ca t ed  cy l inde r  w i l l  be  b u r s t  t e s t e d  t o  determine t h e  s t r e n g t h  advantage of 

w i r e  re inforcement .  

n iques  f o r  refurbishment  and coat ing t h e  inne r  s u r f a c e  of t h r u s t  chambers. 

Inne r  s u r f a c e s  of 2 . 6  inch i n t e r n a l  diameter OFHC cy l inde r s  w i l l  be  

s p u t t e r e d  wi th  OFHC copper,  ZrO2 and graded OFHC copper - ZrO2 coat ings .  

These w i l l  be eva lua ted  f o r  hardness,  bond q u a l i t y  and bond i n t e g r i t y .  

Upon NASA-LeRC s e l e c t i o n  of one 

The f a b r i -  

The f i f t h  t a sk  of t h e  program w i l l  i n v e s t i g a t e  tech-  

11. Technical Progress  Sunnnary 

A. General:  

During t h i s  r e p o r t i n g  per iod ,  e f f o r t s  were confined t o  t h e  f i l l e r  material 

s tudy  and depos i t i on  parameter study of Task I and t h e  mandrel s tudy of 

Task 11. Ninety percent  of t he  components necessary  t o  revise the  magnetron 

c o a t e r ,  f o r  t he  e f f o r t s  i n  Tasks I1 - V ,  are  f i n i s h e d  rnachined. Wrought 

t a r g e t s  of 0 .1  Zr-Cu f o r  Task I1 were rece ived  during t h i s  r epor t ing  

per iod .  A l l  o t h e r  t a r g e t  ma te r i a l s  f o r  Tasks 11-V are s t i l l  on order .  

B. Task I: I n t e g r a l  Coolant Passage F i l l e r  Material 

The work performed i n  t h i s  t a sk  was confined t o  examination of f i l l e r  

materials and f u r t h e r  c h a r a c t e r i z a t i o n  of depos i t i on  parameters.  

The f i l l e r  materials examined i n  t h i s  r e p o r t i n g  per iod were CerrocastR, 

Cer ro t ruR,  Sermetel  R 481 and f lame-sprayed aluminum. The high shr inkage  
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c h a r a c t e r i s t i c s  of CerrocastR r e su l t ed  i n  incomplete f i l l i n g  of t he  

grooves a f t e r  repea ted  f i l l i n g  at tempts .  

used w i t h  t h e  low melt ing a l l o y s  would r e q u i r e  ex tens ive  modi f ica t ion  t o  

The c a s t i n g  technique being 

a l low f o r  t he  shr inkage  of the  CerrocastR. Because of t h i s ,  Cer rocas t  R 

has  been e l imina ted  from f u r t h e r  cons ide ra t ion .  

S e r m e t e l R  481 has been e l i m i n a t e d  because of i t s  h igh  poros i ty .  Without 

using t h e  h igh  temperature curing c y c l e  (lOOOF), which would anneal  t he  

OFHC copper s u b s t r a t e ,  t h e  SermetelR 481 i s  porous and conta ins  entrapped 

gases  t h a t  prevent  acceptab le  vacuum l e v e l s  t o  be obtained.  Furthermore,  

t h e  s u r f a c e  could not  be  dens i f ied  s u f f i c i e n t l y  t o  y i e l d  a smooth su r face .  

The CerrotruR f i l l e r  was used i n  t h r e e  experimental  runs.  N o  f i l l e r  

material contaminat ion has been observed t h a t  could be a t t r i b u t e d  t o  

t h e  c o n s t i t u e n t s  of t h e  CerrotruR being removed during spu t t e r - c l ean ing  

and re -depos i ted  during the  depos i t ion  cyc le .  Smearing of t he  f i l l e r  

material onto  the  su r face  of t h e  r i b s  w a s  e a s i l y  removed by l i g h t l y  sanding 

t h e  c y l i n d e r  l o n g i t u d i n a l l y .  Pu l l ing  of t h e  f i l l e r  away from one s i d e  of 

t h e  grooves r e s u l t e d  i n  t h e  presence of small c racks  extending t h e  l eng th  

of t h e  grooves.  It is  be l ieved  t h a t  t h e s e  c racks  are r e p l i c a t e d  by the  

s p u t t e r e d  depos i t  r e s u l t i n g  in  cracks i n  the  coa t ing .  Longi tudinal  su r -  

f a c e  gr inding  w a s  a t tempted a s  a means of prevent ing t h e  formation of 

c racks  along one s i d e  of the  f i l l e r  material. Although su r face  gr inding  

d id  succeed i n  dens i fy ing  the  f i l l e r ,  t h e  gr inding  wheel r a p i d l y  f i l l s  

w i t h  metal r e s u l t i n g  i n  deep gmares i n  t h e  f i l l e r .  Removal of t he  grooves 
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by hand sanding probably removed most of advantage of the  long i tud ina l  

machining techniqQe,  see Run 1-12. Lengthwise m i l l i n g  of t h e  cy l inde r  

d id  not  r e s u l t  i n  deep machining marks, hence hand sanding was  no t  requi red .  

The e f f e c t  of l ong i tud ina l  mi l l i ng  on c rack  formation w i l l  be  determined 

during t h e  next  r epor t ing  per iod .  

The flame-sprayed aluminum f i l l e r  w a s  used i n  t h r e e  of t he  runs performed. 

This  material, a l though easy t o  apply,  does con ta in  some poros i ty  which 

r e s u l t s  i n  increased  pump downtime. However, i t  does permit higher  power 

levels t o  be used during s p u t t e r  c leaning which he lps  t o  outgas and c l ean  

t h e  su r face .  Furthermore,  t h e  machining of t he  f i l l e d  cy l inde r  r e s u l t s  

i n  a smooth su r face  because the  aluminum smears e a s i l y  and d e n s i f i e s .  

The ease of removal of t h i s  material makes i t  extremely a t t r a c t i v e  as a 

f i l l e r  material. 

I n  a n  a t tempt  t o  eliminate cone formation, low depos i t i on  r a t e s  were 

employed i n  the  depos i t i ons  performed i n  t h i s  r epor t ing  per iod.  S p e c i f i c  

d a t a  f o r  each depos i t i on  are given i n  Tables  I and I1 and d iscussed  

ind iv idua l ly  i n  the  fol lowing.  Research grade Krypton w a s  rece ived  

during t h i s  r epor t ing  pe r iod  and u t i l i z e d  as the  s p u t t e r i n g  media f o r  

Runs 1-10 through 1-12. 

The micro hardness  d a t a  taken on all depos i t s  i s  shown i n  Table 111. 

Attempts t o  c o r r e l a t e  t h e  d a t a  with depos i t i on  parameters o r  mic ros t ruc tu re  

have not  been success fu l .  It has been observed t h a t  t he  cones are 

d i f f e r e n t  i n  hardness than the  columnar s t r u c t u r e  which may account f o r  

t h e  scatter of some of t he  da t a .  Also t he  th inness  of t he  c loseou t  
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l a y e r s  may have a f f e c t e d  some of t hese  da ta .  

l imi t ed  i n  t h i c k m s s  i n  order  t o  minimize t h e  depos i t i on  t i m e  requi red  

f o r  each phase of t he  parameter study. 

The coa t ings  have been 

Run 1-16 - C e r r o t r s  F i l l e r ;  Cylinder 113118-4, Quarter Grooved 

I n  t h i s  experiment,  t h e  s u b s t r a t e  w a s  c leaned by vapor b l a s t i n g  approxi-  

mately 90% of the  cy l inde r  and pol i sh ing  the  remaining 10%. The depos i t  

adherence w a s  poores t  a t  t h e  pol ished i n t e r f a c e .  Po l i sh ing  has  t h e r e f o r e  

been discont inued as a c l ean ing  technique. 

experiment was re-machined and used i n  Run 1-11. 

The cy l inde r  used i n  t h i s  

Run 1-7  - CerrotruR F i l l e r ,  Cylinder 113118-5. Quarter Grooved 

The f i l l e d  cy l inde r  w a s  c leaned i n i t i a l l y  by vapor b l a s t i n g  and s p u t t e r e d  

cleaned f o r  5 min (-500V a t  50 ma) p r i o r  t o  depos i t i on  of t h e  c loseou t  

l a y e r .  Approximately 4 .9  m i l s  of copper were depos i ted  wi th  t h e  system 

ope ra t ion  i n  the  diode magnetron mode, and approximately 1.8 m i l s  

depos i ted  i n  the  t r i o d e  mode (no f i e l d  app l i ed ) .  These th icknesses  r e f e r  

t o  the  maximum values  measured a t  t h e  c e n t e r  of t h e  cy l inde r .  

No f i l l e r  material contaminat ion was observed a t  t h e  i n t e r f a c e ,  F igu re  1, 

and a n  accep tab le  bond r e s u l t e d .  

h i g h l y  d i r e c t i o n a l  (columnar) s t r u c t u r e  r e s u l t e d  i n  the  i n i t i a l  depos i ted  

l a y e r .  

cones,  probably as a r e s u l t  of t h e  increased  s u b s t r a t e  temperature (487F) 

achieved during depos i t ion .  

However, l imi t ed  cone forrnation and a 

The o u t e r  l a y e r ,  deposi ted i n  the  t r i o d e  mode contained fewer 
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The in te rmedia te  l a y e r  r e s u l t e d  from a t t e m p t s  t o  ope ra t e  the  system a t  

higher  power l e v e l s .  Since t h e  spu t t e r ing  parameters were changed con- 

t inuous ly  during t h i s  t i m e ,  no data  w a s  taken on the  r e s u l t a n t  l aye r .  

The cracking of t h e  coa t ing  along one s i d e  of t h e  grooves was f i r s t  

de t ec t ed  on t h e  coa ted  cy l inde r  of t h i s  run ,  see F igure  2 .  Note t h a t  t he  

c racks  predominated on t h e  non-burred s i d e  of t h e  grooves. F i r s t  thought 

t o  be a mounting a r t i f a c t ,  t he  cracks were later observed during the  

prel iminary leaching s tudy  performed on Cylinder  113118-7 from Run 1-9. 

Run 1-8  - SermetelR 481  F i l l e r ,  Cylinder i13118-9, Quarter Grooved 

A SermetelR 481 f i l l e r  w a s  troweled i n t o  the  grooves,  a i r  d r i e d ,  t h e  

excess  f i l l e r  machined o f f ,  and then vapor b l a s t e d  i n  prepara t ion  f o r  

depos i t i on  of t h e  c loseou t  layer. Af te r  48 hours ,  the system could n o t  

be pumped down t o  below 2 x t o r r  due t o  outgassing of the  f i l l e r .  

Because of t h e  outgassing c h a r a c t e r i s t i c s ,  and t h e  high temperature  t h a t  

would be necessary t o  cu re  t h e  f i l l e r  (lOOOF), Sermetel  481 was e l imina ted  

as a candida te  f i l l e r  material. 

Run 1-9 - Flame-Sprayed A l u m i n u m ;  Cylinder #3118-7, Quarter Grooved 

The use of flame-sprayed aluminum as a f i l l e r  material permit ted h igher  

power levels during sput te r -c leaning  and depos i t ion .  

of t h e  f i l l e r  r e s u l t e d  i n  a longer t i m e  t o  reach t h e  5 x t o r r  back- 

ground pressure  s tandard  i n  t h e  procedure, t h e  aluminum can be subjec ted  

t o  h ighe r  temperatures  during s p u t t e r  c leaning  and coa t ing  wi thout  t h e  

r i s k  of mel t ing o r  evapora t ion .  

Though the  po ros i ty  
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The excess  aluminum w a s  removed by machining c i r cumfe ren t i a l ly  as had 

been done f o r  the' Cer ro-a l loys .  The smeared material had t o  be hand 

sanded wi th  120 g r i t  t o  c l ean  the tops  of the  r i p s  p r i o r  t o  vapor 

b las t ing  , 

The somewhat equiaxed s t r u c t u r e  shown i n  F igu re  3 might have been a r e s u l t  

of t h e  cont inuous change i n  depos i t ion  parameters requi red  t o  prevent 

a r c i n g .  

occur r ing  i n  re-assembly. Note the c l e a n l i n e s s  of t he  i n t e r f a c e ,  i n d i -  

c a t i n g  t h a t  t h e  po ros i ty  of the flame-sprayed aluminum did  no t  r e s u l t  i n  

s i g n i f i c a n t  contamination from what could be considered v i r t u a l  leaks .  

The uns t ab le  d ischarge  has been a t t r i b u t e d  t o  a t i l t e d  t a r g e t  

A por t ion  of t h i s  cy l inde r  w a s  placed i n  a n  11.0 molar NaOH s o l u t i o n  t o  

remove the  aluminum. A minimum removal r a t e  of 0.25 inch  per hour w a s  

achieved. During t h e  leaching ,  it w a s  noted t h a t  bubbling w a s  occur r ing  

a long  one s i d e  of many of t he  grooves. The leaching ra te  w a s  more r a p i d  

i n  these  grooves.  This  has been a t t r i b u t e d  t o  the  presence of c racks  

h e r e t o f o r e  thought t o  be t h e  r e su l t  of mounting technique.  

The leaching s tudy  w i l l  be continued during t h e  next  r epor t ing  per iod i n  

o rde r  t o  opt imize t h e  rate of removal of the  aluminum f i l l e r .  

Run 1-10 - Flame-Sprayed Aluminum; Cylinder  #3118-8. Quarter Grooved 

I n  t h i s  run ,  t h e  depos i t i on  parameters were e f f e c t i v e l y  the  same as i n  

Run 1-9 wi th  t h e  except ion of a higher s u b s t r a t e  b i a s .  

of argon w a s  used as t h e  spu t t e r ing  gas .  

Krypton i n s t e a d  

The columnar s t r u c t u r e  t h a t  w a s  
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observed, see F igure  4 ,  w a s  probably a r e s u l t  of t he  higher  s p u t t e r i n g  

rate and s u b s t r a t e  temperature.  Whether t h e  h ighe r  temperature o r  t he  

increased  b i a s  accounted f o r  t he  decrease i n  cone formation i s  no t  clear. 

Furthermore,  the  s t a b i l i t y  of t h e  d ischarge  probably con t r ibu ted  t o  the 

lack of l a r g e  cones.  Note the  s i m i l a r i t y  between t h i s  s t r u c t u r e  and t h e  

o u t e r  l a y e r  of Run 1-7 (Figures  1 and 4 ) .  

Run 1-11 - C e r r o t r G  F i l l e r ,  Cylinder f3118-4, Quarter Grooved 

I n  t h i s  experiment t he  s u b s t r a t e  prepara t ion  procedure w a s  s l i g h t l y  a l t e r e d  

i n  an a t tempt  t o  seal the cracks t h a t  r e s u l t  from t h e  c i r cumfe ren t i a l  

machining technique. Glass bead peening of t h e  cy l inde r  w a s  u t i l i z e d  i n  

a n  a t t empt  t o  so lve  t h i s  problem, Although most of t he  cracking w a s  

e l imina ted ,  some c racks  were s t i l l  observed. The h igher  depos i t ion  rate 

over Run 1-10 was a consequence of t he  h igher  t a r g e t  p o t e n t i a l  and lower 

s u b s t r a t e  b i a s .  Note t h a t  the maximum temperature  a t  TC2 w a s  lower f o r  

t h i s  run  than  f o r  Run 1-10 even though t h e  depos i t i on  rate w a s  h igher .  

The lower b i a s  and lower pressure  probably accounted f o r  t h i s  d i f f e r e n c e .  

The s t r u c t u r e  of t h e  coa t ing  shown i n  F igure  5 i s  similar t o  t h a t  f o r  

Run 1-10 but  con ta ins  more cones. The lower temperature  depos i t ions  i n  

gene ra l  seem t o  c o n t a i n  more cones and as a r e s u l t ,  h igher  temperature 

depos i t i ons  are planned. 

Run 1-12 - Flame-Sprayed Aluminum; Cylinder  #3118-12, Q u a r t e r  Grooved 

The machining procedure was again a l t e r e d  i n  an  at tempt  t o  completely 

e l i m i n a t e  the  c racking  observed a t  t he  corners  of some of t he  grooves.  

The cy l inde r  f o r  t h i s  experiment was su r face  ground long i tud ina l ly .  Deep 
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machining marks r e s u l t e d  from t h e  wheel becoming f i l l e d  wi th  aluminum. 

Subsequent hand sanding wi th  120 g r i t  and 325 g r i t  t o  e l imina te  the  

machining marks probably removed any advantage gained by the  long i tud ina l  

s u r f a c e  gr inding  ope ra t ion .  Some c racks  were observed but  they were l e s s  

pronounced than i n  previous runs .  

a n  a t tempt  t o  reduce t h e  deep machining marks and e l imina te  the c racking  

of t h e  depos i ted  f i lm .  

A m i l l i n g  technique w i l l  be t r i e d  i n  

The coa t ing  obtained con ta ins  three  d i f f e r e n t  s t r u c t u r e s  (see F igure  6 ) .  

The coa t ing  n e a r e s t  t o  t h e  s u b s t r a t e  was  s i m i l a r  t o  t h a t  observed i n  the  

previous run  ( i .e . ,  columnar wi th  many cones) .  The in te rmedia te  zone con- 

tains a very f i n e  s t r u c t u r e  wi th  some poros i ty .  This  s t r u c t u r e  r e s u l t e d  

from t h e  i n s t a b i l i t i e s  i n  t h e  discharge t h a t  were observed during t h i s  

per iod  . 

The outermost s t r u c t u r e  s i m i l a r i t y  t o  t he  innermost s t r u c t u r e  i n d i c a t e s  

t h a t  t h e  h igher  depos i t i on  r a t e  obtained had l i t t l e  e f f e c t  on the  e l imi-  

n a t i o n  of cones.  

From t h e  r e s u l t s  of t he  above runs,  a n  adherent  over layer  wi th  a high 

i n t e g r i t y  bond i n t e r f a c e  can  be  a t t a i n e d  wi th  CerrotruR o r  aluminum f i l l e r  

materials. The remainder of t h e  depos i t ion  parameter s tudy w i l l  be per- 

formed wi th  these  f i l l e r  ma te r i a l s  and wi th  depos i t ion  parameters v a r i e d  
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t o  e l i m i n a t e  cone formation and the c loseou t  l a y e r  cracking a t  the  corners  

of t h e  passages.  -All i nd ica t ions  show t h a t  cone formation a t  the  low 

s u b s t r a t e  temperatures ( t y p i c a l l y  120F t o  22OF) and a t  the  b i a s  con- 

d i t i o n s  employed i s  not  e l iminated by lowering depos i t i on  ra te .  

temperature depos i t ions  w i l l  b e  t r i e d  i n  an  a t tempt  t o  completely e l i m i -  

n a t e  t he  cones.  

Higher 

Task 11: Sput te red  Inner  Wall Mater ia l s  

Two depos i t ions  were performed i n  Task I1 using Type 6061 aluminum 

c y l i n d e r s  as mandrels.  I n  both of t h e s e  experiments,  t he  aluminum w a s  

c leaned  by vapor b l a s t i n g ,  r i n s i n g  i n  de- ionized water and f l u s h i n g  wi th  

methanol p r i o r  t o  i n s t a l l a t i o n .  The s p u t t e r  c leaning  w a s  performed f o r  

10 minutes i n  Run 11-1 and 6 minutes i n  Run 11-2 a t  a s u b s t r a t e  p o t e n t i a l  

of -5OOV (300 ma). Though t h e  i n t e r f a c e s  of both cy l inde r s  showed some 

contaminat ion,  t he  coa t ings  were v i s u a l l y  w e l l  bonded t o  t h e  mandrel. 

Inc reased  s p u t t e r  c leaning  t i m e  w i l l  b e  u t i l i z e d  i n  subsequent runs .  

The depos i t i on  parameters are l i s t e d  i n  Table I V .  

Run 11-1, Cylinder  #3118-101 

I n  t h i s  experiment, fou r  d i f f e r e n t  s e t s  of depos i t i on  parameters were 

examined. Note the l a r g e  change i n  s u b s t r a t e  c u r r e n t  (from 3 t o  100 ma) 

t h a t  w a s  apparent ly  due t o  t h e  change i n  pressure .  The depos i t  that 

r e s u l t e d  i s  shown i n  F i g u r e  7 .  The columnar g r a i n s  and cones of the  

s t r u c t u r e  are not  un l ike  those  observed i n  the  lower temperature 

depos i t i ons  of Run 1-11 and the outer  p o r t i o n  of Run 1-7 .  Some contami- 

n a t i o n  was observed a t  t h e  i n t e r f a c e  which may have con t r ibu ted  t o  t h e  cone 

format ion .  
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Run 11-2, Cylinder #3118-102 

The d e p o s i t i o n  parameters f o r  t h i s  run  had t o  be cont inuously ad jus ted  t o  

prevent  a r c i n g  caused by Tef lon  breakdown i n  an e l e c t r i c a l  feedthrough. 

No d a t a  w a s  taken on t h e  r e s u l t a n t  c o a t i n g  except  f o r  c o a t i n g  th ickness  

d i s t r i b u t i o n  and hardness.  

Curren t  Problems : 

None. 

F u t u r e  Work: 

During t h e  next  r e p o r t i n g  per iod ,  t h e  Task I d e p o s i t i o n  parameter s t u d y  

w i l l  be continued. Deposi t ions employing higher  s u b s t r a t e  temperatures 

t o  e l i m i n a t e  cone formation and columnar s t r u c t u r e  w i l l  be performed. 

V a r i a t i o n  of s u r f a c e  p r e p a r a t i o n  w i l l  be continued i n  t h e  e f f o r t  t o  

e l i m i n a t e  c rack  formation i n  t h e  c loseout  l a y e r  a t  t h e  r i b  w a l l .  T e n s i l e  

t e s t i n g  t o  determine c loseout  layer bond s t r e n g t h  w i l l  begin and techniques 

f o r  removal of CerrotruR and flame-sprayed aluminum w i l l  be r e f i n e d  i n  t h e  

n e x t  r e p o r t i n g  per iod .  

F a b r i c a t i o n  of t h e  modified coa te r  w i l l  continue and t a r g e t  machining f o r  

Task I1 w i l l  be i n i t i a t e d .  
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Run Number 

1-5 

1-6 

1-7  

1-9 

TABLE 111 

HARDNESS OF SPUTTERED OFHC COPPER COATINGS 

Cylinder  Number 

3118-1 

3118-4 

3118-5 

3118-7 

1-10 3118-8 

1-11 3118-4 

1-12 3118-12 

OFHC Copper S u b s t r a t e  

11-1 3118-101 

11-2 3 118 -102 

Aluminum Mandrel 

Hardness (VPN) 

128, 135, 138 

131, 145, 165 

169, 141, 141 

189, 226, 241 

169, 184, 184 

131, 145, 165 

128, 152, 226 

120, 128, 138 

219, 226, 241 

141, 141, 145 

101, 103, 112 
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